Ethanol decreases cellular protein content and mitochondrial membrane potential of cultured neonatal rat cardiomyocytes: microassays with fluorometric and spectrometric plate readers.
Ethanol decreases protein synthesis and mitochondrial respiration of the heart. We developed a new time-saving, non-radioactive, small-scale method to determine ethanol-induced alteration in cellular protein content of the cells cultivated in a 96-well plate. To verify the utility of our small-scale method, we used endothelin-1 (ET-1) as a positive control. Neonatal rat cardiomyocytes were cultivated in a 96-well plate and exposed to ethanol (10, 50 and 100 mM) or ET-1 (100 nM). The protein content per cell was determined by measuring both the DNA (Hoechst 33258) and protein amounts of the same well with fluorometric and spectrometric plate readers. We also examined ultrastructure, mitochondrial membrane potential (deltapsim) using JC-1 (5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolylcarbocyanine iodide), anaerobic glycolysis measured by lactate amount released to the medium, and superoxide production using dihydroethidium. As expected, ethanol dose- and time-dependently decreased protein content per cell of cardiomyocytes at 24 and 48 h, while ET-1 time-dependently increased it. Ultrastructurally, ethanol decreased rough endoplasmic reticulum at 24 h, whereas ET-1 increased it as well as Golgi apparatus. Among ethanol groups, only 100 mM ethanol affected deltapsim: hyperpolarization just after exposure but slight depolarization at 24 h. ET-1 significantly depolarized deltapsim at 24 h, but the depolarization was within the physiological fluctuation. Ethanol did not change the lactate release at 3 and 24 h. Ethanol did not increase superoxide production at 24 h, but rather 10 mM ethanol significantly decreased it. Our small-scale method was able to demonstrate that ethanol and ET-1 induced expected alterations in protein content per cell with dose- and time-dependencies and statistically significant differences compared with the control, thereby validating the practical use of this method. Ultrastructural alterations supported the biochemical results. The ethanol-decreased cellular protein content might partly result from energy shortage attributable to reduced mitochondrial respiration, which was not compensated by anaerobic glycolysis.